binding glycoprotein secreted by many cells types (Bradshaw and Sage, 2001) . In vivo, SPARC is expressed during tissue remodeling, such as in cutaneous wound healing, bone formation, adipogenesis and angiogenesis, and its role is primarily regulatory rather than structural. Targeted disruption of the SPARC gene in mice results in early cataractogenesis (Gilmour et al., 1998; Norose et al., 1998) , osteopenia (Delany et al., 2003) and curly tails (Bradshaw and Sage, 2001) . Dermal ECM of SPARC-null mice has 50% less collagen deposition than does age-matched wild-type skin, a feature that favors wound healing by facilitating skin contraction (Bradshaw et al., 2002) .
The observation that SPARC induces loss of focal adhesion and regulates the expression of MMPs (Tremble et al., 1993) and plasminogen-activator factor (Hasselaar et al., 1991) suggests a role for SPARC in modulating cell migration in vivo. This might depend either on SPARC produced by migrating cells or on structural SPARC, which forms part of basal membranes and ECM. In SPARC-null mice, while increased neutrophil and leukocyte infiltration occurs in bleomycin-induced peritonitis (Savani et al., 2000) and TPAinduced skin inflammation , respectively, the mechanism underlying this effect has not been investigated yet. Similarly, the role of SPARC in tissue remodeling through its binding to collagen type IV in basal membrane, and to collagen type I in the dermis, has not been linked directly to cell migration (Yan et al., 2003; Yan et al., 2002; Wewer et al., 1988) . In transplanted mammary tumors we recently demonstrated that the lack of SPARC production prevents proper basal membrane assembly disrupting the stromal shield that protects the tumors from immune attack . However, whether the aberrantly organized dermal ECM in SPARC-null mice could influence leukocyte migration and, in turn, systemic immune response has not been previously investigated. In this work we analyzed the involvement of SPARC, either produced by migrating cells or as part of tissue environment, in antigen-specific immune responses. To this end we (1) tested the in vivo migration of LCs and DCs in SPARC-null and SPARC-sufficient mice, as well as that of DCs from mice following injection into both null and sufficient host; (2) compared cutaneous contact hypersensitivity (CHS), delayed type hypersensitivity (DTH) and in vivo priming of CD4 transgenic T cells in SPARC-null and wild-type mice; and (3) discriminated between SPARC produced by migrating cells from that present in the tissue environment using bone marrow (BM) chimeras in which BMderived cells, including LCs, were either from SPARC -/-or SPARC +/+ donors. Our results describe a faster CHS and DTH in SPARC-null mice owing to enhanced DC migration and accelerated T-cell priming because of a less dense collagen and less structured ECM.
Materials and Methods
Mice SPARC -/-KO mice, originally on a mixed 129SV/C57BL/6 background, were backcrossed for 12 generations with BALB/cAnNCrl (Charles River, Calco, Italy) to obtain congenic SPARC -/-mice as described . Mice were bred and maintained at the Istituto Nazionale Tumori under standard conditions, according to institutional guidelines. BALB/cAnNCrl and (BALB/c ϫ C57BL/6)F1 (hereafter, referred to as CB6F1) were purchased from Charles River. OVA-specific, MHC class II-restricted TCR transgenic mice DO11.10 were kindly provided by L. Bruno (Basel Institute of Immunology).
Skin organ culture
Ears removed from wt and SPARC -/-mice were soaked in ethanol, air-dried for 10 minutes and then separated along the dorsal-ventral axis. Dorsal halves were incubated, dermal side down, for 1 or 2 days at 37°C in 24-well tissue culture plates (Costar, Cambridge, MA) (one ear per well) in 1.5 ml of culture medium supplemented with 5 ng/ml of recombinant granulocyte-macrophage colonystimulating factor (rGM-CSF) (Endogen, Woburn, MA). Cells that had emigrated into the medium were collected from the wells each day. LCs were identified and quantified by hemocytometry based on the typical veiled and hairy appearance of these cells, as well as by flow cytometry using specific antibodies (Abs). Cells from at least eight explants were pooled, fixed in 1% PFA solution for 10 minutes, permeabilized with 0.1% saponin solution and incubated with primary Abs or isotype-matched controls for 30 minutes at 4°C. After washing, cells were incubated with second-step reagents for 30 minutes at 4°C and re-washed before analysis.
Primary mAbs included the rat anti-mouse Langerin/CD207 (Valladeau et al., 2002 ) (clone 929F3, kindly provided by Sem Sealand, Schering-Plough, Dardilly, France), NLDC145 (Cedarlane, Homby, Ontario, Canada) and PE-conjugated I-A/I-E, clone M5/114.15.2 (BD-Bioscience). Second-step reagents included FITClabeled and biotinylated goat anti-rat IgG and FITC-conjugated streptavidin, all from DakoCytomation (Milano, Italy). Single-and two-color analysis was performed using a FACScalibur and dedicated Cell Quest software (both from Becton Dickinson).
Epidermal sheet preparation and immunostaining
The epidermis was separated from the dermis by placing dorsal earhalves, dermal side down, in a 0.5 M ammonium thiocyanate for 30 minutes at 37°C (Ratzinger et al., 2002) . Epidermal sheets were fixed in acetone and immunolabeled sequentially using the following antibodies: rat anti-mouse Langerin/CD207, rat anti-mouse I-A d /I-E d (clone 2G9) or rat anti-mouse I-A b (clone AF6-120.1) (overnight at 4°C), and biotinylated goat anti-rat (1 hour at room temperature) and streptavidin-peroxidase (1 hour at room temperature). Peroxidase activity was visualized with 3Ј3Ј-diaminobenzidine (DAB, Sigma Immunochemicals). The density of LCs in epidermal sheets was assessed in 20 randomly selected fields using a 20ϫ objective of a Nikon microscope (Nikon Instruments, Sesto Fiorentino, Italy) equipped with a Nikon digital camera (DXM1200) and analyzed using ACT1 software.
Contact hypersensitivity assay
The contact sensitizer 2,4-dinitro-1-fluorobenzene (DNFB) (Sigma Immunochemicals, Milano, Italy) was applied to each side of the right ears of naive mice (20 l/side) at the subtoxic concentration of 0.5% in acetone-olive oil (4:1). Five days after sensitization, the dorsal side of the left ear was challenged with 20 l of 0.2% DNFB in acetone-olive oil. Twenty-four and 48 hours after challenge, ear thickness was measured with a micrometer and compared with control mice, which received the challenge but not the priming (Phanuphak et al., 1974) . Five independent experiments, with 7 mice/group, were carried out.
Immunization protocol for delayed-type hypersensitivity Mice (7/group) were injected subcutaneously with 400 g of OVA (grade V, Sigma) emulsified in CFA in the dorsal side of the right ear. Either 48 hours or 5-days later, mice were challenged with 200 g of OVA in IFA into the dorsal side of the left ear. As controls, sensitized mice were challenged with medium alone.
Histology and immunostaining of skin and draining LN For histological analysis, ear skin treated with or without DNFB was fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned and stained with hematoxylin and eosin (H&E) or Masson's trichrome as described .
For immunohistology, draining LN were collected 24 and 48 hours after DNFB priming, whereas the skins of sensitized mice were obtained 24 and 48 hours after DNFB challenge. Draining LNs and skin were embedded in optimal cutting compound (OCT), snapfrozen in liquid nitrogen and sectioned at 5 m. Sections were subsequently fixed in acetone for 10 minutes, placed in 3% H 2 O 2 /MeOH solution for 5 minutes to block endogenous peroxidase activity, rinsed in PBS, blocked in 5% FCS for 20 minutes and immunostained with Langerin/CD207. After washing, sections were sequentially overlaid with biotinylated goat anti-rat IgG for 30 minutes and avidin-peroxidase complex for 30 minutes (Sigma). Antigen was revealed with DAB (Sigma) according to the manufacturer's instructions. Sections were counterstained with Mayer's hematoxylin, dehydrated in graded alcohol (70%, 95% and 100% ethanol) and mounted in BDH mounting medium (Merck Eurolabs, Milano, Italy). All immunolocalization experiments were repeated three times with multiple sections, including negative controls for determination of background staining using the appropriate isotype-matched control.
Latex migration
Mice under ketamine/xylazine anesthesia were injected into the dorsal side of both ears with 10 7 of yellow-green-latex (LX) microspheres (1 m diameter) (Polyscience) as tracer. Since at the steady state, few DCs migrate to the draining LN, the same ears were painted with DNFB 30 minutes later to create an inflammatory environment. Eight and 24 hours after bead injection, cervical LNs were collected and cells were released by treatment with 1 mg/ml of collagenase D (Roche) for 20 minutes at 37°C. Cells were stained for MHC class II and CD11c expression. The entire cell population of draining LN was analyzed by cytofluorimetry and the absolute number of I-A d /I-E d+ or CD11c + -containing green-LX microspheres determined as described (Rotta et al., 2003) .
In vitro loading of DCs with latex microspheres and mouse treatment Murine DCs were generated from bone marrow (BM) of SPARC +/+ mice and SPARC -/-mice. Briefly, BM was harvested by flushing femurs and tibias with medium. Cells were resuspended at 2ϫ10 6 cells/ml in cRPMI-1640 (Gibco) supplemented with 5 ng/ml of rGM-CSF and 10 ng/ml of murine rIL4 (Endogen). On days 3 and 5 of culture, half of the medium was replaced with fresh medium containing GM-CSF and IL4. On day 6, loosely adherent cells were harvested by gentle pipetting and DCs were purified with CD11c MiniMacs columns according to the manufacturer's instructions (Miltenyi Biotec, Bologna, Italy). Phenotype of the purified CD11c and 5ϫ10 5 red-LX-loaded DCs from SPARC -/-mice (or vice versa) were injected intradermally in the dorsal ear skin of anesthetized SPARC +/+ or SPARC -/-mice (7 mice/group, 2 independent experiments). Mice were sacrificed 48 hours after injection and draining LN were collected and cells analyzed by FACS.
T-cell transfer and immunization T cells were enriched from spleens of DO11.10 OVA transgenic mice by nylon wool separation. CD8 and B220 cells were eliminated by magnetic beads coated with ␣-CD8 and ␣-B220 mAb. The negative fraction contained up to 90% CD4 + T cells. To obtain naive CD4 +
CD25
-cells, CD4 + CD25 + cells were eliminated by magnetic bead separation using anti-CD25PE (PC61; Caltag) followed by magnetic beads-anti-PE (Miltenyi Biotec, Italy). The negative fraction of this separation contained up to 95% clonotypespecific CD4
-cells were labeled with 1 M carboxy-fluorescein diacetate succinimidyl ester (CFSE; Molecular Probes) for 15 minutes at 37°C before transferring 3ϫ10 6 cells into recipient mice by tail vein injection. OVA protein (Sigma-Aldrich) was emulsified in CFA (Sigma-Aldrich) and 400 g was administered intradermally in the dorsal side of the ear pinna. LN draining the site of injection were stained with clonotype-specific mAb KJ1.26-PE (Caltag) and analyzed by FACS for decreased CFSE staining as a function of cell proliferation. The number of transgenic T cells in each LN was calculated as percentage of KJ1.26 + /CFSE + cells among the total cell number.
Chemotaxis assay BM DCs obtained from SPARC +/+ and SPARC -/-mice were tested in vitro for migration in response to CCL20 (MIP-3␣). Briefly, triplicate assays were carried out in 96-well microchemotaxis chambers (Neuro Probe, Cabin John, MA) with a 5 m pore polycarbonate membrane (Costar) separating cells from the medium containing different amounts of MIP-3␣ (Peprotec). DCs (2ϫ10 6 /ml) were allowed to migrate for 2 hours in DMEM medium containing 0.1% BSA. As a control, replicate samples were pretreated with 200 ng/ml pertussin toxin (Sigma, cat. no. P708) for 1 hour at 37°C. The membrane was removed and stained using the Diff Quick kit. Migrated cells were counted under a microscope (40ϫ objective). Migration index was calculated as the number of cells migrated in the presence of recombinant chemokine divided by the number in medium alone.
Bone marrow transplantation (BMT) SPARC +/+ and SPARC -/->CB6F1 as well as CB6F1>SPARC +/+ and CB6F1>SPARC -/-chimeras were obtained as described . Engraftment was verified 8 weeks after BMT by staining peripheral blood mononuclear cells (PBMCs) obtained from the retroorbital sinus with FITC-conjugated mouse anti-mouse H-2K b and PEconjugated mouse anti-mouse H-2K d , as well as isotype control FITCand PE-conjugated mouse IgG2a, and then analyzing by cytofluorimetry.
UV irradiation
The ear skin of BM chimeras and of control SPARC +/+ and SPARC -/-mice was exposed to UV radiation (wavelength, 254 nm; voltage, 8W; source distance, 38 cm from the target) twice for 30 minutes each time with a 4 hour interval using a UV lamp (Ultra-violet Products, Cambridge, UK). Three weeks later, UV-irradiated and non-irradiated control mice were painted with 0.5% DNFB to induce CHS. The H-2 haplotype of remaining host or recruited donor LCs was determined by staining epidermal sheets of chimeric mice with anti-MHC-II antibody 1 and 3 weeks after UV irradiation, as described above.
Statistical analyses
Data are expressed as mean±s.d. Statistical analyses were performed using the Mann-Whitney t-test. Differences were considered significant at Pр0.05.
Results

SPARC -/-mice show exaggerated CHS in response to DNFB
To test whether the extracellular matrix protein SPARC influences the antigen-specific immune response, we tested CHS in response to DNFB in SPARC +/+ and SPARC -/-mice. As shown in Fig. 1A , ear thickness of mice sensitized by applying DNFB to the dorsal side of the right ear and challenged 5 days later with DNFB on the left ear was significantly higher (P<0.01) in SPARC -/-mice than in SPARC +/+ mice at both 24 and 48 hours after challenge. Histological analysis and immunohistochemistry of swollen ears revealed greater edema and a higher number of neutrophils and macrophages in tissues from SPARC -/-than those from SPARC +/+ mice ( Fig. 1B and data not shown).
Greater numbers of epidermal LCs migrate to draining LNs upon DNFB sensitization in SPARC -/-mice than in wild-type mice Immunostaining analysis of epidermal sheets from ear pinnae of SPARC -/-and wild-type mice revealed essentially the same number of Langerin/CD207 + cells (53.8±4.4 per field vs 50.9±3.8 per field, respectively) and the same staining intensity ( Fig. 2A) , indicating that the enhanced CHS observed in SPARC -/-mice is not due to a different density of LCs in the sensitized skin.
Because the skin of SPARC -/-mice has less dense collagen than that of wild-type mice (Fig. 2B) , we monitored Langerin/CD207 + cells in the draining LN to determine whether the enhanced CHS in SPARC -/-mice reflects more efficient priming as a result of enhanced LC migration to draining nodes; in fact, a significantly higher number of LCs were detected in LNs from SPARC -/-mice than those from wild-type mice at both 24 and 48 hours after sensitization (Fig.  3A,B) . (Fig. 4B) . DC migration to the draining LN was also associated with increased LN cellularity and swelling ( Fig. 4C and data not shown), consistent with a recent report (Martin-Fontecha et al., 2003) .
To control for the possibility that the microspheres observed had reached the LN freely or were taken up by DCs present in draining LN rather than by migrating DCs, green and red microspheres were injected in adjacent but non-overlapping sites drained by the same LN; microsphere-loaded DCs collected from draining LNs after 8 and 24 hours were either green or red but never double-stained (supplementary material Fig. S1 ), demonstrating that beads do not reach draining LNs unless engulfed by DCs, as previously reported (Randolph et al., 1999) . evaluate the role of DC-produced SPARC in migration we pre-loaded in vitro BM-derived DCs from SPARC +/+ and SPARC -/-mice with green-or red-LX microspheres, respectively (or vice versa), before co-injecting them (5ϫ10 5 each) intradermally into the ear dorsal side of SPARC +/+ or SPARC -/-mice. Draining LN were collected after 48 hours and cells were analyzed by FACS. In accordance with the previous experiment, the absolute number of LX-microsphere-loaded DCs in the draining LN was higher when the cells were injected into SPARC -/-mice than when injected into SPARC +/+ mice (Fig. 5A) , regardless of the DC SPARC genotype (Fig.  5A ,B and data not shown). The difference in the extent of DC migration was not due to different intrinsic migratory capacities of the DCs from SPARC +/+ and SPARC -/-mice, since in vitro analysis of BM-derived DCs revealed no difference in migration of the DCs from the two strains in response to various amounts of MIP-3␣ (supplementary material Fig. S2 ). Moreover, DCs from both strains showed a similar phenotype, maturation and cytokine production pattern in response to bacterial stimuli (data not shown).
Impact of enhanced DC migration on T-cell priming
The sensitization phase of the CHS response to a hapten depends on T-cell priming by antigenloaded DCs, in particular, LCs. Typically, the efferent phase can be induced within 5 days of sensitization. To test whether the faster migration of DCs in the absence of SPARC accelerates the time of priming, we challenged sensitized and control naive SPARC +/+ and SPARC -/-mice with DNFB starting 48 hours after sensitization and every other day until day 5; at every time point, ear swelling of SPARC -/-mice was significantly greater than that of SPARC +/+ mice (Fig. 6A ). In addition, only SPARC-null mice showed a difference from non-sensitized mice in swelling at 24 hours after sensitization (not shown).
As alternative assay to test accelerated priming, we performed DTH in response to ovalbumin sensitization and challenged mice after 48 hours, which is 3 days earlier than the standard challenge time in this type of experiment. As shown in Fig. 6B , respectively (Fig.  6C) , indicating accelerated priming of transgenic T cells in SPARC -/-mice. Moreover, the absolute number of transgenic T cells, and therefore of primed T cells, was higher in LNs from SPARC -/-than SPARC +/+ mice (Table 1) . Together, the results support the conclusion that OVA-loaded DCs arrive earlier and in larger numbers into the draining LNs of SPARC -/-compared with LNs of SPARC +/+ mice.
Emigration of cutaneous DCs from skin explants
Skin explant is a well studied and characterized method to directly follow LC migration (Larsen et al., 1990) ; moreover, it shares similarities with CHS in terms of kinetics and pathway of DC migration (Weinlich et al., 1998) . We prepared skin explants from SPARC +/+ and SPARC -/-mice accordingly. The dorsal halves of the ear skins were cultured in 24-well tissue culture plates for 24 and 48 hours in the presence of recombinant granulocyte-macrophage colony-stimulating factor (rGM-CSF), and cells emigrating into the culture Journal of Cell Science 118 (16) medium were evaluated. At least eight explants were pooled for each experiment. DCs were readily identified by their veiled and hairy appearance, and further characterized by flow cytometry using mAbs to DEC-205 and Langerin/CD207 (Fig.  7A) . Of the emigrated cells collected at 24 and 48 hours, 19 and 23% were LCs, respectively (Langerin/CD207 stained), regardless of their SPARC genotype. However, the real number of LCs obtained from the ear skin, calculated as the total number of collected cells multiplied by the fraction of Langerin/CD207-stained cells, was significantly higher in SPARC -/-mice than in SPARC +/+ mice (Fig. 7B ).
Enhanced CHS response in SPARC -/-mice does not depend on SPARC produced by BM-derived cells To confirm the critical role of tissue environment in determining the in vivo leukocyte migration during Ag-specific CHS, we transplanted SPARC -/-mice with BM from wild-type (CB6) mice and vice versa to obtain chimeric mice expressing or not expressing SPARC in cells derived from their BM compartment (Fig. 8A) . To ensure the donor origin of skin LCs, chimeras were UV-irradiated 8 weeks after BM transplantation to allow LC renewal from donor BM, in accordance with previous studies (Merad et al., 2002) (Fig. 8B) . Three weeks later, UV-irradiated and non-irradiated mice were sensitized with DNFB to induce CHS. Ear swelling measured at 24 hours after challenge in SPARC +/+ >SPARC -/-chimeras was identical (Fig. 8C) . These results suggest that environmental SPARC rather than SPARC produced by migrating cells underlies the different extent of CHS.
Discussion
LC/DC migration is critical for T-cell priming. In the case of local elicitation of CHS, LCs capture and process epicutaneous Ag and migrate to the regional LN to present Ag to naive T cells. LC migration is known to be regulated by cytokines such as TNF␣ and IL-1␤ (Enk and Katz, 1992; Stoitzner et al., 1999) and to involve adhesion molecules such as I-CAM (Ma et al., 1994) , E-cadherin (Tang et al., 1993; Schwarzenberger and Udey, 1996; Jakob and Udey, 1998) , integrin-␣6 (Price et al., 1997) and CD44 (Weiss et al., 1997) . Recently, LCs were shown to create a path to the draining LN by digesting collagen in connective tissues, basement membranes and dermal extracellular matrix by means of MMP-2 and MMP-9 (Kobayashi, 1997; Ratzinger et al., 2002) .
As for other matricellular proteins, SPARC expression is tightly regulated during development and tissue repair. SPARC is increased in response to skin injury and its absence is associated with a decreased deposition of collagen and with a delayed production of extracellular matrix proteins in the injured skin (Bradshaw et al., 2002) . Here, we show that matricellular SPARC also contributes to antigen-specific immune responses by conditioning DC migration.
Because inflammatory cytokines promote DC migration by modulating both the chemokine receptor on these cells and the adhesion molecules of nearby tissues, it was important to determine whether LCs migrate faster in SPARC-null mice even in the absence of inflammatory stimuli. Experiments in which DCs were pre-loaded in vitro with fluorescent latex microspheres and injected in the ear skin of SPARC-null mice without any additional inflammatory stimuli revealed a significant increase in fluorescent DCs migrating to draining LN compared with those in SPARC-intact counterparts. Moreover, ear skin explants that directly show LC migration, from epidermis through the dermis into the culture medium containing rGM-CSF (Larsen et al., 1990; Weinlich et al., 1998) suggested that the increased emigration of LCs from the ears of SPARC -/-mice was related to their facilitated crossing of the dermal ECM because of its reduced collagen density. Indeed LCs require proteolysis to traverse basement membrane and dermis (Ratzinger et al., 2002) . Although LCs can produce SPARC (not shown), our results point to environmental rather that cell-produced SPARC as a regulator of leukocyte migration.
LCs also migrate faster in SPARC-null than in wild-type mice in the presence of inflammatory stimuli, with the effector phase of CHS in SPARC -/-mice induced 48 hours after skin sensitization, whereas at least 72 hours was required to detect a slight swelling and 96 hours to reach statistical significance in BALB/c mice. Accordingly, when sensitized ears were removed as early as 8 hours, SPARC -/-mice still responded to challenge, suggesting that LCs had already migrated to draining LN (supplementary material Fig. S3 ). In addition to a more rapid priming, CHS is enhanced in SPARC -/-mice probably because of extensive recruitment of neutrophils and macrophages associated with pronounced edema and swelling. Thus, neutrophil infiltration at the site of challenge is required for CD8 + T-cell recruitment and elicitation of CHS (Dilulio et al., 1999 ), a process also described in immune-mediated tumor rejection (Colombo et al., 1992) . Moreover, the greater edema and the massive neutrophil infiltration delays the remodeling of blood vessels necessary to normalize the inflamed tissue, thus explaining the persistent swelling observed up to 72 hours after challenge in SPARC -/-mice (not shown). Note that IL-10, which is mainly responsible for ending the CHS reaction (Berg et al., 1995) , is normally produced in SPARC-null mice as revealed by immunohistochemistry (our unpublished results). Neutrophil accumulation in SPARC -/-mice has been associated with acute pulmonary inflammation and thioglycollate-induced peritonitis (Savani et al., 2000) , suggesting a role for SPARC in regulating the inflammatory response.
We recently demonstrated that the absence of SPARC is associated with a defect in collagen type IV deposition in newly formed basement membrane-like structures that characterize lobular mammary carcinoma. In general, the absence of SPARC has been extensively associated with a defect in collagen deposition during tissue remodeling and also in normal skin (Puolakkainen et al., 2003) , a defect that we have confirmed in mouse ear pinnae. These common defects led to our hypothesis that in the absence of SPARC, newly formed or remodeled matrix is less structured and therefore easier to degrade and more accessible to leukocyte migration. As part of the ECM, SPARC might control the inflammatory response by regulating the deposition of structural components such as collagens which, depending on the tissue type, are predominantly type I or type IV, to create a barrier against leukocyte infiltration. In addition, SPARC might control the availability of inflammatory cytokines, as shown for PDGF (Raines et al., 1992) and FGF (Hasselaar and Sage, 1992) .
Little is known about the role of ECM and matricellular proteins in influencing leukocyte migration, skin injury or the inflammatory response. TSP2, a matricellular protein that shares some functions with SPARC with respect to collagen fibrillogenesis (Puolakkainen et al., 2003) , is also involved in CHS; TSP2-null mice show an increased and prolonged CHS in response to oxazolone due to exaggerated inflammation and angiogenesis (Lange-Asschenfeldt et al., 2002) . Tenascin-C is another matricellular protein with anti-adhesive properties and with a pattern of expression similar to that of SPARC. Tenascin-C-null mice showed increased DNFB-induced dermatitis compared with wild-type mice (Koyama et al., 1998) . Unlike SPARC-null mice, osteopontin (OPN)-deficient mice show reduced CHS, consistent with the chemotactic activity of OPN in guiding DCs from the skin to lymphatic tissue (Weiss et al., 2001 ). Since SPARC is produced by leukocytes, including DCs (our unpublished results), it was important to distinguish between leukocyte-and host-derived SPARC in DC migration. Fluorescent latex microsphereloaded DCs from SPARC +/+ and SPARC -/-mice migrated similarly in the SPARC +/+ host, whereas both migrated faster and to the same extent in SPARC -/-recipients. Moreover, BM transplantation clearly showed that environmental SPARC rather than leukocyte-produced SPARC determines the extent of CHS. This finding appears to contrast with our previous report showing that SPARC produced by BM-derived cells is instrumental in building tumor-associated stroma , but it may simply distinguish the reversible ECM rearrangement associated with inflammation from the progressive and permanent ECM reshuffling that accompanies tumor outgrowth. Alternatively, it may be that different BMderived cell types localize in tumor versus inflamed tissue. Because of LC resistance to ␥-irradiation (Allan et al., 2003; Merad et al., 2002) , the skin of CB6>SPARC -/-and SPARC -/->CB6 BM chimeras were UV-irradiated to ensure the replacement of LCs with those of donor origin (Merad et al., 2002) . Even in this setting, LC migration was shown to depend on the presence of SPARC in the embedding, surrounding tissue rather than on their own produced SPARC, as confirmed by our in vitro data showing that BM-derived DCs migrate equally in response to CCL20 regardless of their SPARC genotype.
Accelerated priming because of faster DC migration in the absence of SPARC is a general phenomenon that extends to the specific DTH reaction, which can be mounted in 2 days in SPARC -/-mice versus 5 days in SPARC +/+ mice, as well as to the priming of naive DO11.10 TCR-transgenic T cells transferred into SPARC +/+ and SPARC -/-mice and immunized with OVA protein. Although impaired or accelerated in vivo DC migration has been described to occur because of altered DC molecules such as MMP9 (Kobayashi et al., 1999) or Jama (Cera et al., 2004) , our studies provide the first demonstration of host-determined obstacles to DC migration.
In conclusion, we provide evidence that environmental SPARC, by determining the tightness of the ECM, influences the migration of DCs to the draining LN and therefore the timing and extent of T-cell priming. Considering the extensive edema associated with CHS in SPARC-null mice, the results also raise the possibility that SPARC has anti-inflammatory properties, probably exerted through ECM rearrangement.
